



Abstract—A Tuneable Microwave Photonics Gain Filter 
(TMWPF) is proposed based on Stimulated Brillouin Scattering 
(SBS). The TMWPF configuration exhibits a gain of ≃70dBm and 
tuneable bandwidth control which makes it attractive for 
applications requiring high gain and bandwidth variations with 
high precision. The proposed TMWPF configuration employs a 
tuneable laser, an Erbium-Doped Fibre Amplifiers (EDFA), Radio 
Frequency (RF) mixers, an RF Amplifier (RFA), Single Mode 
Fibre (SMF) and Gallium Arsenide (GaAs) I-Q Dual parallel 
Mach-Zehnder Modulator (DPMZM). The modulation scheme 
performed by I-Q DPMZM is controlled by a voltage bias 
controller. The performance of the filter is compared whilst using 
LiNbO3 Phase Modulators (PMs) and Intensity Modulators (IMs) 
instead of GaAs I-Q DPMZM.  The TMWPF delivers 44dBm, 
57dBm & 44dBm of gain for I-Q DPMZM, PM, and IM, 
respectively. The use of RFA resulted in a total gain of 62dBm, 
69dBm & 52dBm for I-Q DPMZM, PM and Amplitude 
Modulators (AM), respectively. This configuration exhibits high 
Q, tuneable bandwidth by employing stokes SBS gain, RF mixer 
and RFA. The bandwidth of the filter is varied from 20MHz to 
40MHz. The operation principle of the TMWPF is based on SBS 
stokes gain.  By controlling the bias point of the I-Q DPMZM, the 
operating point can be varied between PM and IM allowing 6dBm 
gain control and the choice of PM or IM for specific applications. 
This gives improved filter performance. The full control of 
TMWFP’s gain is obtained by using EDFA. The EDFA controls 
the power of the tuneable laser pump. The control challenges of 
the proposed TMWPF along with improvement enhancements are 
reported. The proposed TMWPF exhibits tuneability of 32GHz in 
RF domain, and 40GHz in optical domain. To the best of our 
knowledge, this TMWPF exhibits the highest reported gain.    
 
Index Terms—Microwave photonics, Tuneable Microwave 
Photonics Filter, Stimulated Brillouin Scattering, Optical Gain 
Filter, Narrow bandwidth selective gain, Phase modulation, 
Amplitude modulation and I-Q Modulation. 
 
I. INTRODUCTION 
he use of photonics to transport and manipulate RF signals 
in advanced communication systems is very attractive for 
many reasons. Photonics allows transmission of RF signals with 
very low loss and low dispersion over the size the platform. 
Photonics offers much higher Q in RF domain than electronic 
RF circuits. The Quality (Q) factor of a filter is reciprocal of -
3dB bandwidth to centre frequency. A high Q factor will 
produce a narrow passband filter. A filter with a Q factor of 
greater than 200 is considered a narrow bandwidth filter. The 
higher effective RF Q of photonic filters allows superior RF 
signal processing over the electrical domain. Furthermore, 
improvements in signal integrity and tuneability are possible 
through signal processing [1]. Microwave Photonic Filters 
(MPF) filters will play a major role in advanced communication 
systems, such as aerospace, defence, and 6G and beyond. 
There are various commercial photonic filters. However, they 
all have limitations [2]. For example, high effective Q in the RF 
domain requires an actual 10,000 times higher Q in the optical 
domain. Unsurprisingly the physics behind such massive Q is 
environmentally sensitive. For example, to temperature and 
vibration. SBS has the merit that it dynamically “locks on” the 
optical pump frequency. This makes SBS filtering largely 
independent of vibration and temperature and yet tuneable. An 
example of a tuneable single bandpass MPF has been 
demonstrated in [3] using Fabry-Perot semiconductor optical 
amplifier by changing the phases of PM sidebands with a 
tuneability of 40GHz and a bandwidth from 99MHz to 
18.3GHz. However, the reported [3] filter exhibits a low Q and 
wide pass band and has extreme environmental sensitivity 
unless significant precautions are taken around the Fabry-Perot. 
MPFs based SBS have additional advantages over the above 
photonic filters since they can exhibit high gain, and narrow 
bandwidth of 10’s MHz [4-7], MPFs based on SBS using 
Single-Sideband (SSB) or Double Sideband (DSB) with 
suppressed carrier modulation have shown drift bias problems 
[4-7]. However, note these do not affect the RF frequency or 
line width. Other examples: MPF based on SBS with a gain of 
20dBm is reported in [8]; where the bandwidth of 
reconfigurable passband filter is realized using a single fixed 
laser., A 5-line optical comb pump and three Mach Zehnder 
Modulators (MZMs) are used. A similar MPF based on SBS for 
extraction application of sub-band Orthogonal Frequency 
Division Multiplexing (OFDM) is presented in [9], using a 
single laser. In ref. [10] an MPF based on SBS is reported for a 
dual band with a fixed frequency interval of 2.434GHz which 
has passbands of 20dBm. Integrated silicon chip based SBS 
tuneable filter of 10GHz range with a passband of 1.93GHz is 
reported in [11]. The reported MPFs based on SBS design [4-
11] show a large tuneable range narrow bandwidth. However, 
they use a single fixed laser that limits the operating range due 
to the use of MZM to generate the pump light. Using a single 
fixed laser, tuneable range of MPF is limited by the bandwidth 
of modulator which is used for generating pump. Although, 
single laser offers improved phase noise figure, but due to the 
recent advanced technology such as highly wavelength stable 
lasers and frequency locking techniques, the use of tuneable 
laser with fixed laser can help achieve much wider tuneability.  
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An MPF based on SBS which deploys tuneable laser to 
generate SBS pump superimposed by an RF signal for a phase-
modulated signal is reported in [12]. Yet, their results are shown 
for phase modulation with a tuning range of up to only 20GHz 
with a maximum gain limited of 35dBm. By using tuneable 
laser without Mach Zehnder Intensity Modulator (MZIM), the 
drifting bias challenges faced in SBS filters (fixed single laser) 
is eliminated and a wider tuning range is achieved. 
The I-Q DPMZM is designed for advanced modulation 
schemes such as Quadrature Amplitude Modulation (QAM). To 
the best of our knowledge, this is the TMWPF with highest gain 
system performance deploying GaAs I-Q DPMZMs which has 
most significant capabilities in managing RF signals and 
exhibits excessive performance in harsh operating environment 
in terms of thermal stability, power-handling, radiation 
resistance and longevity for aerospace, defence, and satellite-
to-ground downlink communication system applications, 
including advanced modulation schemes such as broadband 
digital communication required by modern communication 
systems. Similarly, SBS-based MPFs can offer major 
advantages such as the removing of electronics from the 
antenna in for ultra-high-speed communications systems such 
as 5G and 6G, including 4D videos. Such systems require high 
data rates and beam steering techniques [13]. Also, optical sub 
systems required for such systems all-optical signal processing 
i.e., suppression of harmonics and intermodulation distortion 
products [14-15], up-conversion and/or down-conversion [16].  
Presented here is the design and demonstration of a TMWPF 
based on SBS using tuneable laser, RF Amplifier (RFA), a 
Gallium Arsenide (GaAs) I-Q DPMZM modulator (axenic 
aXMD2150) along with fixed wavelength laser (Gooch & 
Housego EM4). This paper proposes a novel microwave 
photonic system configuration of Radio Frequency Amplifier 
(RFA) after Stimulated Brillouin Scattering (SBS) gain. It 
demonstrates that a uniquely high gain amplification is 
achievable by employing RFA after SBS amplification. The 
traditional amplification employs an EDFA to control the pump 
power and consequently Brillouin gain saturation occurs. Gain 
saturation is where increasing pump power does not increase 
the RF signal gain (the probe signal). Thus, if the SBS is 
increased beyond saturation the gain of the RF signal of interest, 
instead it will increase of noise floor. To get around this 
problem this paper presents a unique approach of RF mixing of 
pump with square wave to increase the bandwidth of SBS. This 
approach increases the SBS gain from 20MHz to 40MHz by 
changing the frequency of square wave from 1MHz to 5MHz. 
The RF Mixing produces multiple pumps with equidistance of 
1MHz to 5MHz. This technique is simpler to implement, and 
the laser tuneable pump remains completely in phase and the 
power distribution is gradually decreased from the centre of the 
pump resulting in good response of the filter rather than using 
two separate pumps or combs.  
To demonstrate this photonics configuration, a GaAs I-Q 
DPMZM as modulator of interest is used and results are 
compared with traditional Lithium Niobate (LiNbO3) Intensity 
Modulator (IM) (Thorlabs LN05S) and Phase Modulator (PM) 
(Thorlabs LN27S). The bias point of GaAs I-Q DPMZM allows 
7dBm gain control. The bias control I-Q DPMZM can also be 
varied anywhere in the I-Q plane, from IM to PM by adjusting 
the voltage biasing point where advantages and disadvantages 
in terms of gain and noise are also discussed. The voltage 
biasing control shifts GaAs I-Q MPMZM between IM and PM 
where it is shown that the PM signals achieve higher gain than 
IM. The traditional control of TMWFP is performed by EDFA 
(Thorlabs EDFA100S) since it directly enables SBS gain in the 
SMF. The GaAs-based modulators are comparatively more 
temperature independent and resilient to the bias drifting, than 
LiNbO3 modulators. I-Q DPMZM are becoming modulators of 
choice for ultra-high-speed aerospace and defence applications. 
The proposed TMWPF implemented in this paper is a positive 
gain filter. The TMWFP achieved gains of 64dBm, 70dBm & 
52dBm for I-Q DPMZM, PM, and IM, respectively. The 
proposed TMWPF system configuration deploys the RFA for 
post-SBS amplification for the stated gains. To achieve high 
amplification, it is crucial to deploy RFA after the SBS gain. 
Without the RFA the following gain is achieved; 47dBm, 
57dBm & 33dBm for GaAs I-Q DPMZM, LiNbO3 PM, and 
LiNbO3 IM, respectively.  
The TMWPF experimental setup, operating principle, and 
system optimisation are given here. The proposed TMWPF can 
be deployed for advanced communication systems such as 5G, 
6G, aerospace and satellite applications. The key advantages of 
the proposed TMWPF’s are widely tuneable range, tuneable 
bandwidth, high gain, and gain control via bias control for I-Q 
DPMZM.  
II. SETUP & OPERATING PRINCIPLE 
The operating principle of TMWPF is based on SBS gain of 
Single Mode Fibre (SMF). SBS gain allows phase and 
synchronisation to the original signals. This phenomenon can 
result in additional gain on Phase Modulation to Amplitude 
Modulation conversion (PM to AM) [17]. During PM to AM, 
more signal is detected using direct photodetector. A fixed laser 
was used to modulate the RF with I-Q DPMZM, which is then 
filtered/amplified with SBS from a tuneable laser pump. By 
using this technique, a tuneable stable TMWPF with a high Q 
is realized. The bias control of the I-Q DPMZM can be used to 
achieve either PM or IM. The I-Q DPMZM results are 
compared with LiNbO3-based IM and PM by swapping I-Q 
DPMZM with MZIM and PM, respectively. The I-Q DPMZM 
is biased and used as a phase modulator to generate 0 & 
π phase-modulated output [18]. The use of I-Q DPMZM as PM 
or IM offered 7dBm gain control. Controlling SBS of TMWFPs 
typically carried out by EDFA. The EDFA increases or 
decreases pump capacity, which causes Brillouin scattering.  
One disadvantage of such control is that by adjusting SBS gain 
results in varying phase delay, nevertheless this control allows 
full gain control. 
To select and amplify the RF signal from the modulator in 
the optical domain, a tuneable laser-based pump is deployed. 
The tuneable laser is a TLX1 [19] C-band tuneable laser with a 
dither option. The dither signal is used to improve wavelength 
accuracy which is processed electronically to form feedback-
based control system. It also results in phase and frequency 
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noise; therefore, it has negative impact on filter amplification.  
So, it is recommended to leave the dither option off. A better 
solution is to use a tuneable laser with a high wavelength 
accuracy. Another option is also to use frequency locking with 
both tuneable and fixed lasers [20]. The use of frequency 
locking between lasers uses PID control with actuator to tune 
and keep wavelength difference between both lasers fixed. The 
second option is using available tuneable lasers with less than 
37 MHz wavelength accuracy. Use of such lasers is best for 
long-term filter accuracy along with highly stable fixed laser, 
such as Thorlabs Frequency stabilized to NIST-Traceable 
Transition of C2H2 which offers a stability of less than 25MHz. 
If the RF signal is phase modulated by π, then no RF is produced 
at the photodiode unless it is amplified by SBS TMWPF. The 
Modulated RF signal’s sideband coincides with the SBS signal 
from the pump. This produces RF amplification, as described 
by the equations [12]. 
 
𝑓𝐶 + 𝑓𝑀= 𝑓𝑃 − 𝑓𝐵        (1) 
 
Whereas fC, fM, fP, and fB are the fixed laser frequency, RF 
signal frequency, tuneable laser pump frequency and Brillouin 
shift, respectively. By substituting a Brillouin shift of 
10.816GHz for the SMF used in experimental setup and a fixed 
laser carrier frequency of 193.404THz in Eq. (1), hence the 
following relationship between the pump and the RF signal: 
 
𝑓𝑃= 𝑓𝐶 + 𝑓𝐵 + 𝑓𝑀 
𝑓𝑃 =  193.414816𝑇𝐻𝑧 + 𝑓𝑀 
 
This result is used to for tuning the pump to RF with the 
addition of 193.414816THz. The centre frequency of the 
TMWPF is the frequency of the tuneable laser pump minus the 
Brillouin shift and the fixed carrier frequency, as shown in the 
following equation [12]: 
 
𝑓𝑀𝑊𝑃= 𝑓𝑃 − 𝑓𝐵 − 𝑓𝐶       (2) 
 
The centre frequency of the TMWPF can be varied by tuning 
the pump frequency. This allows different signals in the optical 
channel to be selected and amplified. The SBS-based filter's 
transfer function response is expressed as [21]: 
 
𝐻(𝑓) ∝ 𝐺(𝑓)𝑒𝑥𝑝 [𝑗𝜑(𝑓)] − 1       (3) 
 
Where G and 𝜑 represent the gain and phase difference of 
the filter. The transfer function shows the filter gain which is 
directly proportional to SBS gain in the medium, and the phase 
shift of RF signal applied confirms that PM signals are 
amplified more than IM signals.  The gain of the SBS follows 
the Lorentzian function [22] which is determined by the length 
of the optical fibre L, pump power Pp, and Brillouin gain of the 
medium go [21].  
 












}       (4) 
 
Where 𝑛𝑆𝐵𝑆  and 𝑉𝐵  are effective refractive index and 
Brillouin shift, respectively. In contrast, the Full Width Half 
Limit (FWHM) of the SBS has standard values, ranging from 
20MHz to 25MHz. The gain changes with polarisation are 
maximum when the probe polarisation is aligned with that of 
the pump [23], therefore all the equipment used in this 
experiment are polarization maintaining such as Tuneable laser, 
Circulator, Isolator, EDFA and Optical fibre patch. It is 
challenging to maintain the polarisation in the SMF. However, 
the polarisation is maintained for both the pump and the 
modulated signal at the optical fibre inputs which lead to obtain 
maximum gain. The polarisation is verified by using a 
polarimeter (Thorlabs PAX1000IR2). As an optical medium, a 
10KM Single-Mode Fibre (SMF-28) is used. The Brillouin 
threshold for fibre focused beam was measured to be 11dBm. 
Specialist fibres with high Brillouin gain can also be used which 
will decrease the length of the fibre required for the filter. 
Chalcogenide fibres are an attractive option due to large 
Brillouin coefficient, nevertheless they are essentially available 
as multimode fibres which means it is difficult to use them as 
Single mode which is highly beneficial for Brillouin gain. In 
this novel microwave photonics tuneable filter configuration, 
the RF Mixer is RF MARKI mixer M10418NA, RF spectrum 
Analyzer Advantest U3771, and the following RF signal 
generators; HP 83596B, HP83592A and Tektronix AFG1022. 
 





The dc bias point is controlled via three power supplies, as I-Q 
DPMZM has three electrodes P, Q, and I for bias control of 
parent, child 1 and child 2 bias points, respectively. For signals 
up to 40GHz, connectors of 2.92mm are used. The proposed 
TMWPF structure configuration is illustrated Fig. 1. The RFA 
is deployed after SBS amplification where an additional of 
approximately 20dBm gain is generated. To achieve highest 
gain, the RFA should be deployed after SBS amplification. The 
modulator uses the fixed laser beam to generate modulation of 
the RF signal input from the RF source. The RF has been varied 
up to 40GHz. In case, where the I-Q modulator is used as a PM, 
the phase shifter after the RF source is deployed to generate 
phase difference, however phase shifter is not used for PM or 
IM. The modulator's output is routed through an isolator, which 
only allows light to propagate from the modulator to the SMF 
while blocking light from the SMF to the modulator. 
Modulator’s output enters the SMF via the isolator, then it 
enters the circulator from point 2 and travels towards point 3. 
The bandwidth control is achieved through the MZIM along 
with tuneable laser with RF input from mixer. The mixer output 
is amplified by the RFA. The modulated optical output is 
amplified by the EDFA. If tuneable bandwidth feature is not 
required, then RF mixing along with MZIM can be eluded and 
the tuneable laser can be directly used as pump, governed by 
Eq. 2. The TMWPF response is governed by using Eq. 2. The 
TLX1 laser has an optical attenuator built in to match the 
maximum input levels of EDFA. The EDFA amplifies the laser 
to generate the SBS. The output light from the EDFA enters the 
circulator from point 1 and it enters SMF while leaving from 
point 2 and travels in the opposite direction as a signal from the 
modulator in the SMF. The SBS is generated at the SMF. The 
SBS is generated in the opposite direction of the light at the 
pump and with a down frequency shift equal to the Brillouin 
shift. Once the Brillouin shift matches the RF signal sideband 
in the optical domain, then the RF signal is amplified. After 
amplification, the RF signal exits the circulator at point 3. At 
the photodetector, the amplified signal is converted back to the 
RF domain. The RF Spectrum analyser detects an additional 
gain due to the RFA amplification. 
The SBS with high Q and small bandwidth makes this 
configuration very attractive for application requiring precise 
selection and amplification. Nevertheless, some applications 
require more bandwidth, such as wide pass filters. For such 
amplification, the bandwidth of the filter should be increased, 
and this can be shown by using a pump of wide bandwidth. The 
bandwidth of the proposed TMWPF is controlled by using RF 
mixing after a tuneable laser. The RF up-conversion employs a 
1MHz to 5MHz square wave Local Oscillator (LO) with an 
Immediate frequency (IF) of pure sine signal that can be varied 
from 0.02GHz to 40GHz (instrument limitation). Setting the 
square wave frequency to 750KHz results in a filter bandwidth 
of 21MHz, which can be increased to 36MHz by setting the 
square wave frequency to 5MHz. It should be noted that the 
square wave’s mixing resulted in more bandwidth control as 
compared with sine and triangular waveforms. Following the 
RF mixing, the signal is then amplified by RFA to obtain the 
required power level of the RF input for the MZIM. The output 
light from the MZIM is used to generate the pump signal. As 
can be seen from the Fig. 1, the MZIM is placed between the 
tuneable laser and the circulator's input 1 to control the TMWPF 
bandwidth. The same technique can be extended to create a 
multiband SBS filter that can extract multiple bands in 
Wavelength Division Multiplexing (WDM) or Radio over fibre 
(RoF) systems. The carrier centre frequency can be calculated 
as follows: 
 
𝑓𝑃 =  𝑓𝑃𝐶 − 𝑓𝐿𝑂 + 𝑓𝑇𝑃𝑅      (5) 
 
Whereas 𝑓𝑃𝐶 is tuneable laser frequency, 𝑓𝐿𝑂 is local 
oscillator frequency of square waveform ranging from 1MHz to 
5MHz and 𝑓𝑇𝑃𝑅 is IF frequency at the mixer in GHz range and 
by operating the MZIM at minimum, it produces the pump 
signal which produces the SBS. The frequency values for 
square wave can be ignored (Low Frequency less than 5MHz) 
for amplification of a 23.4GHz RF signal as it is used to 
increase bandwidth. After substituting the values for pump 
laser, pump RF, Brillouin shift, and fixed laser in eq. [2], hence 
the fTPR: 
 
𝑓𝑀𝑊𝑃= 𝑓𝑃 − 𝑓𝐵 − 𝑓𝐶 
𝑓𝑀𝑊𝑃𝑁= 𝑓𝑃𝐶 −  𝑓𝐿𝑂 + 𝑓𝑇𝑃𝑅  − 𝑓𝐵 − 𝑓𝐶 
0.0234=193.4074 − 𝑓𝑇𝑃𝑅 − 0.0108 − 193.404 
 𝑓𝑇𝑃𝑅 = 193.4074 + 0.0234 − 0.0108 −  193.404 
 𝑓𝑇𝑃𝑅 = 0.016THz         (6) 
 
From eq. (6), the MZIM RF signal should be set at 16GHz, 
and the tuneable laser frequency should be set at 193.4074THz. 
Both can be adjusted to produce amplification. The bandwidth 
is controlled by varying the fLO frequency and signal type, 
which can be square, triangle, or sine. The same principle can 
be used to create a dual band filter by mixing two IF frequencies 
and employing a high power EDFA or high Brillouin gain 
medium, such as Chalcogenide glass or highly nonlinear fibres. 
By employing Erbium Ytterbium Doped Fibre Amplifier 
(EYDFA), the results obtained for bandwidth control can be 
further increased from 40MHz to 100MHz. 
III. RESULTS & DISCUSSION 
The proposed filter was tested for RF amplification up to 
32GHz due to our available spectrum analyser maximum 
measuring limit. The proposed TMWPF spectrum range is only 
limited by component availability, which in this case was the 
RF spectrum analyser, however in the optical domain it was 
tested up to 40GHz, which is the maximum bandwidth limit of 
the modulators used in the system configuration. The RF signal 
is phase modulated using a phase shifter and biasing points to 
achieve 0 and π phase modulation using the I-Q DPMZM. Due 
to the phase difference, no RF signal or harmonics are produced 
at the photodiode's output. Since PM sidebands have a phase 
difference of π, then when they multiply/beat with the carrier at 
direct photodetector cancel each other. As a result, no PM signal 
is detected at the output of direct photodetector unless the SBS 
from the tuneable laser pump falls on the RF signal. This SBS 
signal amplifies and forces the phase modulated sidebands out 
of phase with each other, leading to RF signal amplification. 
The proposed TMWPF has a bandwidth of about 20MHz 
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(without bandwidth enhancement). 
 
 
Figure 2 TMWPF gain for Ga-As I-Q DPMZM at 12GHz RF input signal. x 
scale 15MHz per square, y scale 10dBm per square 
  
The noise, which is additional SBS from harmonics and 
carrier can be kept low if the power levels and bias point are 
accurately controlled. Similarly, having good frequency 
locking between both lasers can decrease the phase noise in the 
gain. The SBS amplification is controlled by adjusting the 
current of the EDFA, and thus the power of the pump can be 
fully controlled.  The tuneable laser power is approximately 
10dBm which enters to the MZIM, and the MZIM output is 
amplified by the EDFA which enables the SBS generation at 
the SMF.  
 
 
Figure 3 TMWPF gain for Ga-As I-Q DPMZM at 31 GHz RF signal input, x 
scale 15MHz per square, y scale 10dBm per square 
   
A high power EDFA is preferred. But in this case, two stages 
of EDFA are used to amplify the sideband, exceeding 14dBm 
for generating a high gain SBS at the SMF. The IF and LO 
mixer signals are amplified by RFA to 20dBm level. As shown 
in Fig. 2, the SBS filter can select and amplify a 12GHz phase 
modulated signal. The RF signal is modulated by GaAs I-Q 
DPMZM and amplified from -73dBm to -29dBm. Without the 
SBS amplification turned on, no output appears after the 
photodiode due to phase modulation. The response for a 31 
GHz RF signal after SBS amplification is shown in Fig. 3, 
where the RF signal is amplified from -70dBm to -36dBm, 
resulting in 36dBm gain. The decrease in gain can be attributed 
to the modulator and spectrum analyser reaching their 
maximum operating points, which results in high losses. By 
using I-Q DPMZM as a PM, the harmonics can be minimized. 
The bandwidth in Fig. 2 to Fig. 10 is 150MHz.  
 
 
Figure 4 TMWPF gain for LiNbO3 phase modulator at 12 GHz RF input 
signal, x scale 15MHz per square, y scale 10dBm per square 
  
Similarly, Fig. 4 depicts the SBS filter response for the LiNbO3 
Phase modulator, which shows that the 12GHz signal is 
amplified from -73dBm to -19dBm, yielding a large gain of 
54dBm. Due to the single drive mechanism or simpler 
construction of the LiNbO3 modulators used in this experiment, 
they produce higher output levels due to low insertion losses 
when compared to the GaAs I-Q DPMZM. The response of 
TMWPF for a 31GHz of RF input from PM is presented in Fig. 
5, where the signal is amplified with a gain of 39dBm from -
70dBm to -31dBm. The proposed experiment based on SBS 
does not only amplify the RF signal, but it also converts the 
phase modulated signal to intensity modulated signal by 
impacting the phase modulation, resulting in higher signal at the 
direct detection photodiode. Fig. 6 depicts the SBS filter 
response of an amplified intensity modulated signal from the 
LiNbO3 modulator at 12GHz. As can be seen, the 12GHz signal 
has been amplified by 46dBm, from -63dBm to -17dBm. 
Similar amplification extent has been shown in Fig. 7, where a 
31GHz signal is amplified by 44dBm. The gains for higher 
frequencies are lower for all modulators since photodetectors 
response is lower at high frequencies as well as the wires used 
to transmit higher frequencies use SMA connectors which does 
result in RF losses for higher frequencies. The I-Q DPMZM 
produced lower gains compared LiNbO3 PM due to high 
insertion losses. The RFA is used to boost the gain by another 
20dBm, yet the SBS amplification is required before using 
RFA, since RFA alone did not result in significant 
amplification. The microwave amplifier alone exhibits a gain of 
only 5dBm. However, when it has been used after SBS 
amplification, it resulted in an additional 20dBm amplification, 
reaching a 70dBm total amplification. The output of TMWPF 
for a 12GHz RF input with the RFA used for I-Q DPMZM 
biased for PM is shown in Fig. 8. In this case (Fig.8), by using 
the RFA with SBS, the gain has been increased to 63dBm when 
the RFA is enabled for the 12GHz RF input signal. It amplifies 
the small phase noise components and other acoustic side 
modes. The phase noise components are produced by all real 
oscillators and phase noise components spread the power of the 
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signal to adjacent frequencies, producing noise sidebands. 
 
 
Figure 5 TMWPF gain for LiNbO3 PM at 31 GHz RF signal input, x scale 
15MHz per square, y scale 10dBm per square  
 
It is clear from Fig. 8 that PM contributes to the sidebands 
noise, and RFA amplifies the noise of the sidebands further. 
Fig. 9 illustrates obtained measurement results of a 12GHz RF 
input signal from the LiNbO3 PM amplified by TMWPF with 
the SBS and RFA. As can be seen the output is increased to 
0.1dBm. The obtained gain is equal to 70dBm. 
 
 
Figure 6 TMWPF gain for LiNbO3 intensity modulator at 12 GHz RF input 
signal, x scale 15MHz per square, y scale 10dBm per square 
 
The noise harmonics are as a results of PM signal harmonics 
amplified by RFA to supress the harmonics. The SBS gain and 
RFA gain can be controlled to minimise the harmonics transfer 
from SBS gain to RFA. Similarly, the intensity modulator 
outputs amplified by TMWPF with RFA turned on are 
illustrated in Fig. 10 where a gain of around 60dBm is achieved. 
The output has much cleaner noise floor as compared to PM and 
I-Q amplification. The bandwidth control of the TMWPF for 
1MHz and 5MHz square wave local oscillator signals, is 
presented in Fig 11. The bandwidth of the SBS filter is set to 
25MHz by using a 1MHz square wave, which can be reduced 
close to 20MHz by further decreasing the frequency. The 
square wave LO frequency is increased to further increase the 
TMWFP bandwidth. As shown in Fig. 11 the TMWFP 
bandwidth is increased from 25MHz to 35 MHz, which can be 
increased further if the frequency of the LO is increased further 
and more Brillouin gain is achieved using longer length fibre or 
high power EDFA. Since the bandwidth and frequency of the 
TMWFP can be tuned simultaneously, this filter would have 
great potentials for future advanced communication systems. 
  
 
Figure 7 TMWPF gain for LiNbO3 intensity modulator at 31.5GHz RF input 
signal, x scale 15MHz per square, y scale 10dBm per square 
 
Fig. 12 illustrates the TMWPF frequency response as a function 
of power. As can be seen from the graph, the obtained filter gain 
for I-Q DPMZM of 42dBm, 44dBm, 41dBm, and 33dBm is 
achieved at 4, 12, 24, and 31.5 GHz, respectively. 
 
 
Figure 8 TMWPF gain for I-Q DPMZM at 12 GHz input signal amplified by 
SBS and RFA, x scale 15MHz per square, y scale 10dBm per square  
  
The I-Q DPMZM is biased as PM. High SBS gain is observed 
up to 22GHz, then it drops to 31dBm at 32GHz due to the 
modulator insertion loses and output signal losing good phase 
modulation. Even though a maximum RF-based input of 
20dBm is applied across the RF terminals of the I-Q modulator, 
the output optical power is quite low when compared to lower 
frequencies. The photodetector also approached its maximum 
bandwidth limit, and as a result its output tends to be lower at 
higher frequencies. The highest calculated Q factor of the 
proposed TMWFP is 1240. This can be compared with the best 
passive lump element RF filters Q of low few 100’s. The SBS 
power is amplified by increasing the EDFA current, where the 
gain of the selected signal increases, reaching its maximum at 
around 600mA EDFA current. At 600mA the SBS gain is 
saturated and by further increasing the EDFA current no 
additional amplification is observed. It can be seen from graph 
that PM achieved gains of 51dBm, 54dBm, 49dBm, and 39dBm 
for 4GHz, 12GHz, 24GHz, and 31.5GHz frequencies, 
respectively. As it can be observed the highest gains have been 





Figure 9 TMWPF gain for LiNbO3 phase modulator at 12GHz RF input signal 
amplified by SBS and RFA, x scale 15MHz per square, y scale 10dBm per 
square 
 
The IM achieved gains are 33dBm, 32dBm, 32dBm, and 
31dBm at 4GHz, 12GHz, 24GHz, and 31.5GHz, respectively. 
These IM outputs and lower gain are due to the direct photo 
detection. Direct photodetectors are more responsive for IM, 
and this is the main reason why high IM outputs are produced, 
even when TMWFP SBS is turned off. However, RFA does 
also contribute slightly to the noise level in the channel. As can 
be seen form this figure, the highest gain of 70dBm has been 
achieved for PM LiNbO3. 
 
 
Figure 10 TMWPF gain for LiNbO3 intensity modulator at 12GHz RF input 
signal amplified by SBS and RFA, x scale 15MHz per square, y scale 10dBm 
per square  
 
The TMWFP amplified IM signals at same levels as it 
amplified the PM, but due to direct photodetection the achieved 
gain for IM is less than for PM. The achieved gains for IM are 
around 52dBm. Furthermore, the LiNbO3 PM has demonstrated 
higher gains than the I-Q DPMZM, since I-Q DPMZM have 
high insertion losses. The level of noise floor is around 72dBm, 
as shown in Fig. 13. The presence of harmonics and phase noise 
from TMWFP can be minimized by adjusting the SBS gain and 
bias points. The use of the RFA increases the noise floor by 
5dBm i.e., for 4GHz frequency, noise floor increased from 
73dBm to 68dBm by turning on the RFA. The RFA can be 
turned off or removed completely if no additional gain is 
required. The bandwidth of the proposed filter is kept constant 
at 20MHz for above obtained results. The RFA values are only 
shown up to 18GHz due the RFA limitation. The optical domain 
response of the TMWFP is presented in Fig. 14.  A 40GHz PM 




Figure 11 TMWPF bandwidth for 1MHz vs 5MHz LO square wave mixing, x 
scale 10MHz per square, y scale 10dBm per square 
    
The filter bandwidth is kept constant at 20MHz. The pump 
laser is tuned to enable the shifted Brillouin wave to fall in one 
of the modulated signal sidebands. As a result, it amplifies the 
sidebands and a 40GHz RF amplification is observed. 
 
 
Figure 12 TMWPF response for I-Q DPMZM, PM, and IM 
 
The pump laser also enables the sidebands to be out of sync 
with each other, resulting in additional amplification (PM to 
AM). Only stokes are used to realize the amplification; anti-
stokes have lower amplitudes since the majority of the SBS in 
optical fibres are in the backward direction.  Nevertheless, anti-
stokes can be used to realise the amplification (PM to AM). The 
EDFA controls the SBS gain. On the other hand, if we push 
further to realize even higher gains, the EDFA would 
contributes to increase the noise floor and therefore it would 
impact the overall Spurious-Free Dynamic Range (SFDR) of 
the optical channel. The TMWFP optical domain response for 
bandwidth control is illustrated in Fig. 15. The PM modulated 
RF signal of 23.4GHz is shown in black. It can be noted that the 
gain is amplified by using the tuneable laser based on MZIM 
pump. One of the SBS stokes are tuned to fall in the 23.4GHz 
signal, amplifying the signal power from -25dBm to -1dBm. 
The tuning is accomplished by controlling the tuneable laser 




Figure 13 TMWPF response for I-Q DPMZM PM and IM with RFA 
 
The response of the TMWFP can be improved further by 
employing a powerful EDFA, high Brillouin medium, and a 
single side band modulator.  
 
 
Figure 14 40GHz RF I-Q DPMZM biased as PM in optical domain (IDA 
Photonics OSA Image) 
 
One of the challenging tasks of the proposed filter is locking 
the lasers wavelengths since both lasers are independently 




Figure 15 23.4GHz RF PM signal in optical domain (IDA Photonics OSA 
Image) 
The filter response deviates over time due to frequency 
deviation caused by temperature and other factors controlling 
laser diodes. Another challenge factor in realising the proposed 
filter is the accuracy of the I-Q DPMZM biasing point control, 
which drifts over time, resulting in a shift between phase 
modulation and intensity modulation. To alleviate these 
challenges, a bias controller capable of handling precise 
specific biasing point can be used. The challenge of laser 
wavelength inaccuracy can be solved by using accurate 
electronic feedback and a photodiode. They can be locked to 
each other with photodiode using electronic feedback loop. 
It also ensures that the bias point of the modulator is precisely 
controlled to solve modulator drifting hitches. The system can 
be miniaturized to approx. 50cm x 50cm x 25cm module board. 
Experimental setup of the proposed TMWPF is illustrated in 
Fig. 16.  
 
 
Figure 16 Experimental setup of the proposed TMWPF 
IV. CONCLUSION 
The experimental demonstration of a Tuneable Microwave 
Photonics Filter (TMWPF) based on SBS is presented. The 
proposed filter employs I-Q GaAs Dual parallel Mach-Zehnder 
Modulator (DPMZM) to generate phase and intensity 
modulation. The GaAs I-Q DPMZM obtained measurement 
results are compared and analysed with phase modulator and an 
intensity modulator. The use of GaAs I-Q DPMZM enabled the 
control of 6dBm gain as well as a complete SBS gain control 
via EDFA. Radio Frequency Amplifier (RFA) is deployed in 
the filter system configuration to achieved additional required 
amplification. A total gain of up to 70dBm has been obtained 
by applying the RFA after SBS gains in TMWPF, while 
Stimulated Brillouin gains of 33dBm, 57Bm and 44dBm have 
been obtained without the RFA amplification for intensity 
modulators, phase modulators and GaAs I-Q DPMZM, 
respectively.  The RF response is produced and tested up to 
32GHz, while the optical output is demonstrated up to 40GHz. 
The TMWFP bandwidth has been tuned from 20MHz to 
40MHz using RF mixing. In the case of the GaAs I-Q DPMZM, 
the filter is dependent on the biasing point of the modulator, as 
well as the accuracy of the fixed and tuneable lasers. The 
proposed and demonstrated TMWPF would have applications 
in Wavelength Division Multiplexing (WDM), Radio over 
Fibre (RoF), ultra-high-speed optical communication systems, 
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and 6G and beyond applications due to its high gain, high Q, 
tuneability and narrow tuneable bandwidth. 
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